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(6raarks) 


a- What is a uniform plane wave? 

b-A uniform plane wave in empty space (free space) has the electric field, E(y) =^95 p J ~ y a. V/m. 
(j)* Determine the frequency and the amplitude of the field? —/"pfinaTKsT 

(ii) - What is the direction of the travel? ^ - o S v*\A/w (3marks) 

(iii) -Find the associated B field . i— 

£ - Ui ,'^ £ * 

0!' _J?—< — / z£\‘ I 

02. /*7*. -*> - ^ 9 

a- Discuss in brief the concept and the causes of the followings: 

3 *“* ' •) - Electric polarization in a dielectric material. (Smarks) 

(“)■ Magnetic polarizatiouJiLajnagnetic material. ___ _ 4 tt«mrksy 


U v )* Express E and B in real time form. 


(Smarks) 

(lOmarks) ^ 

(r 


r Jc°* 
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(i)* Suppose a B field is applied to a cube of magnetic material of Smeters on aside, such that A/ is 
given by: M - 5ya x +4 za y A/m. Find the Magnetization current density J m in the material as well 
as the sin face magnetization current density J,,,. Sketch the bound current field J m in the cub. 

--— —- --—__ (14mark$) 

(ii)- Given the electric polarization field P - r '*ycos(ota y pCt m'. Find the polarization current density 
J v and the polarization bound charge density p p at the frequency f = 4MHz. (lOiracks) 


a- Discuss in brief the Homogeneity, linearity' and isotropy in materials. 


((iniurks) 


b-Two semi-infinite region, air (regionl) for z > 0. and dielectric (rcgion2, in which e - 5e Q ) for z C, 
are separated by the interface at z = 0. In the air region, the constant electric field 
E t = -5 a x +10 a y +15 a x V/m is given. - - 

(i) - Find D and E for both regions. Ny (6marks) 

(ii) - Sketch the E 2 and D 2 at tire origin. ' (6marks) 

(iii) Find the refraction angle GzandGi from the normal in both region if the normal unit vector 

ft is directed from region2 to regionl. ’ (I2mnrkst 
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a.- 


# (I> * k^ds^of magnetic 1 materiais? D ° n of - ma -S5- e - tizati .?J in a magnetic material. What are the different 


# H ° W * S itS st - ren e th def med? What are the different kinds of ejeglric 

b. ’^^ectricfield £ =100/? sin©/ a p V/m is given to exist in a certain region, with a relative 
dielectric constant £r = 5 Find the following fields: 

(i) - The electric polarization field P . (ii). The polarization bound charge density p p . 

^ (Hi)- The displacement flux density D. (iv). The volume bound charge density J . 

a # . .. 

(i) . Discuss the concept of the conservation of th e electric charge. 

(ii) . Determine the relaxation expression for the time decay of a charge distribution in a conductor 

i e initial distribution at t — 0 is p v0 = 6.C / . If the conductivity of the conductor 

°a ~ ^-1* j ~if/m and the p ermittivity g = 18 xl0~ 12 F/m, find the time constant of the free charge 
^ density decay. (Sketch g^ yersus time, t ^ 6 

b. Two semi-infinite region, air (regionl) for z > 0, and dielectric (region2, in which s = SeA for z < 0 
are separated by the interface at z = 0. In the air region, the constant electric field 
£\ = -1 a x +1 a y + 5 a. V/m is given. 

(i) - Find D and E for both regions. 

(ii) - Sketch the E 2 at the origin. 

(iii) Find the refraction angles_0i and 02 from the normal in both regions if the normal unit vector 

n is directed from regi on2 to regionl. =- 
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' a. 


Let us consider two 
x = d and kept 

one dimension for the potential_ _ _ 

the dielectric between the two par allel plane,^T= ^£ g>.___" 


(i)-£xplain what is the skin depth (or penetration depth) for a plane wave propagating in lossy 


(ii)- Compute the skin depth for sea water with <7 =6. S/m, £r = 80 and (Jr= 1 
(take po = 4JI x 10" 7 H/m, £o = 8.854 x 10" 12 F/m) at f = 12GHz. 

— b. For a plane wave propagating in sea water with E field given by, 

E = 20e*- 2 a x V/m.' ' / v . 

^ (i)- what will be the direction of travel ^^ 

(ii) - Compute a, p, y and tj for the medium. 

(iii) - What will be the expression for H field associated with E field? 

(iv) - What will be the magnitude of the E field after traveling 7 skin-depth in the sea 

water? 
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Ql) For the uniform plane wave in empty space E(x) = 1 OOOe -3 v/m -4- ^ 

a) Determine direction of propagation and type of polarization. [2M] /r*A A * 

b) Find the associated B3&& (3M] i i?-- £* *' c ^ 
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c) Find the phase constant P 0 at frequency/ =40MHz. [1M] 

P- 4 H 

Q2) Explain the following 

a) Wave polarization [1M] 

b) Dielectric polarization [1M] 

c) Boundary condition for an electromagnetic wave when passing from one region to another. [2M] 

~ a* ■' 

Q3) The h alf spac e (region 1) 0 <x has(3g„, 6 p 0 , 0), E x = 4 a x +3 a y -5 a 2 , H x = 2 a x +8 a y +105 2 the other half 
space for (region 2) 0 > x has (4 e 0 , ju 0 , 0), Find E 2 and H 2 If: 

i. At the interface x=0 the ^urface current density is zero J s = 0 [2.5M] 

^ ii. at the interface x=0 the surface current density is J s = 4 a - 8 a 2 A/m [2.5M] 


Q4) A vector field F(p, <f>, z) is given by F(p, <f>, z) = p cos <f>a p +z sin </> exists in the region shown in Fig. 

_ /yfc (A) 

i. Find the divergence of the vector F(r,0,<fi)[\M\ \jA I > , 

. - fr \ jr -., 

ii. Illustrate the validity of the divergence theorem[4M] <f v - 
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